Objective Metabolic syndrome (MetS) is associated with cardiovascular disease, which is the leading cause of mortality and morbidity. Hypernatremia and hypochloremia are also associated with an increased mortality. Thus, the aim of this study was to evaluate the association between the sodium-chloride difference (Na + -Cl -) and MetS. Methods In this cross-sectional and retrospective cohort study, we enrolled 3,875 subjects and evaluated the relationship between Na + -Cl -and MetS using logistic regression analyses. MetS was diagnosed according to the joint interim statement when a subject had three or more of the following criteria: hypertension; hyperglycemia; hypertriglyceridemia; low high-density lipoprotein (HDL) cholesterol; and abdominal obesity. Results There were 3,354 subjects without MetS and 521 subjects with MetS at baseline. The highest Na + -Cl -quartile (" 43 mmol/L) was associated with an increased risk of the presence of MetS compared to the lowest Na + -Cl -quartile (! 38 mmol/L) after adjusting for covariates, including age, sex, the body mass index, systolic blood pressure, fasting plasma glucose, triglycerides, HDL cholesterol, creatinine, uric acid and lifestyle factors [multivariate odds ratio (OR) 1.81, 95% confidence interval (CI) 1.17-2.84, p=0.0078]. After an 8-year follow-up, 658 out of 3,352 subjects were newly diagnosed with MetS. The highest Na + -Cl -quartile (" 43 mmol/L) was associated with an increased risk of the development of MetS compared to the lowest Na + -Cl -quartiles (! 38 mmol/L) after adjusting for covariates (multivariate OR 1.76, 95% CI 1.27-2.45, p=0.0007). Conclusion The sodium and chloride difference is associated with MetS.
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Introduction
Metabolic syndrome (MetS) is defined by the clustering of several cardiovascular risk factors, including hypertension, hyperglycemia, dyslipidemia and visceral obesity (1) . MetS is associated with cardiovascular disease, which is the leading cause of mortality and morbidity (2) . Thus, an early identification of individuals at high risk for MetS would help prevent the associated cardiovascular complications. In Japan, the prevalence of MetS according to a joint interim statement has been reported to range from 18.5-37.3% in men and from 4.4-12.8% in women (3, 4) , and it may have recently become even more common with the continuous increase in obesity prevalence.
Hypernatremia is associated with an increased mortality, especially in subjects with various comorbid conditions such as congestive heart failure (5, 6) and chronic kidney disease (7, 8) . Moreover, a recent study has revealed that the increase of serum sodium (Na + ) in the normal range is also associated with the mortality in general populations (9) . In addition, hypochloremia is associated with a risk of mortality in subjects with hypertension (10) .
To the best of our knowledge, however, the relationship 
Materials and Methods

Design of study
The Oike Health Survey is an ongoing cohort investigation of risk factors for chronic diseases, including hypertension, diabetes and chronic kidney disease. The Oike Clinic (Kyoto, Japan) provides regular health check-ups for employees of various companies. The purpose of the medical health check-up program and the detailed characteristics of the participants were described previously (11) . Briefly, in Japan, yearly routine examinations for employees are legally mandated and all or most of the costs for the health checkups are generally paid by their employers.
Approval for the study was obtained from the Ethical Committee of Oike Clinic, and the study was conducted in accordance with the Declaration of Helsinki. For this type of study, formal consent was not required. Informed consent was obtained from all individual subjects included in the study.
Cross-sectional study
In 2001, 4,127 Japanese subjects, who did not have a history of cardiovascular disease (myocardial infarction, coronary revascularization or stroke), malignant disease, liver cirrhosis or hematologic disease, were enrolled in this crosssectional study. We excluded 252 subjects because of missing data of covariates. Thus, 3,875 subjects were eligible for the cross-sectional study. First, we compared serum Na 
Longitudinal study
In this retrospective longitudinal study, we excluded 521 subjects who had MetS at the baseline examination. In addition, 2 subjects were excluded because of missing data of covariates at the follow-up study. Thus, 3,352 subjects were eligible for the longitudinal study and included in an 8-year follow-up study. We investigated whether Na + -Cl -was associated with the development of MetS in the longitudinal study.
Data collection and measurements
All subjects provided details of their demographics. The body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. Smoking was defined as current tobacco usage. Habit of alcohol was defined as daily alcohol consumption. Habit of exercise was defined as performing any kind of sports at least once a week. After an overnight fast, venous blood was collected for the measurement of the levels of various factors, including fasting plasma glucose, total cholesterol, triglycerides, high-density lipoprotein (HDL) cholesterol, creatinine, uric acid, serum Na + , serum Cl -and serum potassium. The glomerular filtration rate (GFR) was estimated using the Japanese Society of Nephrology equation as follows: estimated GFR (eGFR) = 194 × Cre -1.094 × age -0.287 (mL/min/1.73 m 2 ) (12). For women, the eGFR was multiplied by a correction factor of 0.739.
Definition of metabolic syndrome
The diagnosis of MetS was determined according to a joint interim statement of the International Diabetes Federation Task Force on Epidemiology and Prevention; the National Heart, Lung and Blood Institute; the American Heart Association; the World Heart Federation; the International Atherosclerosis Society; and the International Association for the Study of Obesity, using the criteria for Asians (13) . The subjects were diagnosed with the presence of MetS when three or more of the following criteria were present: elevated blood pressure (systolic blood pressure ! 130 mmHg and diastolic blood pressure ! 85 mmHg and/or medication for hypertension, in both sexes); hyperglycemia (fasting plasma glucose ! 5.6 mmol/L and/or medication for diabetes, in both sexes); hypertriglyceridemia (serum triglycerides ! 1.70 mmol/L and/or medication for dyslipidemia, in both sexes); low HDL cholesterol levels (serum HDL cholesterol <1.03 mmol/L in men and <1.29 mmol/L in women); and abdominal obesity (waist circumference ! 90 cm in men and ! 80 cm in women). Because waist measurements were not available for the entire study sample, we substituted a BMI of ! 25 kg/m 2 , which has been proposed as a cut-off value for the diagnosis of obesity in Asian people (14) , for all subjects as an index of obesity. The validity of this definition was confirmed previously (15) .
Statistical analysis
Statistical analyses were performed using the JMP version 10.0 software program (SAS Institute, Cary, USA), and a p value <0.05 was considered to be statistically significant. The mean or frequencies of potential confounding variables were calculated. Categorical variables are expressed as numbers. Continuous variables are presented as the mean ± standard deviation (SD). The unpaired Student's t-tests or χ 2 tests were conducted to assess the statistical significance of differences between subjects with and without MetS. The association among Na gistic regression analyses were adjusted for age, sex, the BMI, systolic blood pressure, fasting plasma glucose, triglycerides, HDL cholesterol, creatinine, uric acid and lifestyle factors, such as smoking status, habit of alcohol and habit of exercise. Odds ratio (OR) and 95% confidence interval (CI) were calculated. In addition, we used the diagnosis of MetS determined by the Japanese Society of Internal Medicine (16) and performed logistic regression analyses in the cohort study.
Results
Characteristics of study subjects
The baseline characteristics are shown in Table 1 . There were 3,354 subjects without MetS and 521 subjects with MetS. Age, the BMI, systolic blood pressure, diastolic blood pressure, fasting plasma glucose, total cholesterol, triglycerides, uric acid, serum Na + and Na + -Cl -were higher in subjects with MetS than those in subjects without MetS. On the other hand, HDL cholesterol, the eGFR, serum Cl -and serum potassium were lower in subjects with MetS than those in subjects without MetS. 
Development of metabolic syndrome
Of the 3,352 subjects without MetS at the baseline examination, 658 subjects were newly diagnosed with MetS at the follow-up examination. In a multivariate approach, the highest Na + quartile (" 144 mmol/L) was associated with an increased risk of the presence of MetS (multivariate OR 1.60, 95% CI 1.16-2.23, p=0.0045) compared to the lowest Na L). On the other hand, in a multivariate approach, the highest Na + -Cl -quartile (" 43 mmol/L) was associated with an increased risk of the development of MetS compared to the lowest Na + -Cl -quartile (! 38 mmol/L) after adjusting for covariates (multivariate OR 1.76, 95% CI 1.27-2.45, p=0.0007) ( Table 4 ). The OR of Na + -Cl -was higher than that of Na + or Cl -.
Development of metabolic syndrome according to the Japanese Society of Internal Medicine
Of the 3552 subjects without MetS at the baseline examination, 157 subjects were newly diagnosed with MetS at the follow-up examination. In a multivariate approach, the highest Na + -Cl -quartile (" 43 mmol/L) was associated with an increased risk of the development of MetS compared to the lowest Na + -Cl -quartile (! 38 mmol/L) after adjusting for covariates (multivariate OR 1.93, 95% CI 1.06-3.63, p=0.0317) ( Table 5 ).
Discussion
The major finding of our study is that Na + -Cl -is associated with the increased risk of the presence or development of MetS after adjusting for other risk factors. It has been reported that both hypernatremia (9) and hypochloremia (10) are associated with mortality. To the best of our knowledge, this is the first study to investigate the association between Na + -Cl -and the presence or development of MetS. Potential explanations for the associations between Na + -Cl -and MetS are as follows. The Na + -Cl -level equals the serum anion gap plus serum bicarbonate ion level (17) . The body's acid-base balance is tightly regulated, maintaining the arterial blood pH between 7.35 and 7.45. The serum anion gap increases when an unmeasured anion, such as endogenous acid production, increases (18, 19) . The kidneys excrete an amount of acid equal to the production of endogenous acids and replenish the bicarbonate ion that is lost by neutralization of the endogenous acid production (20) . At the same time, Na + is absorbed via Na + /proton exchanger and Na + /bi- carbonate ion cotransporter at the proximal convoluted tubule (20) . Indeed, Na + -Cl -was correlated with urine pH (r=-0.066, p=0.0023) using Spearman's rank order correlation method in this study. Moreover, recent studies have demonstrated that dietary acid load, which leads to increased endogenous acid production, is associated with a risk of type 2 diabetes (21, 22) . In addition, an increased serum anion gap is associated with blood pressure (17) , insulin resistance (19) and a chronic inflammation state (23) in general populations. Previous studies have revealed that a high anion gap and corresponding high serum Na + and low serum Cl -are associated with higher blood pressure (17, 18) . In fact, Na + -Cl -was closely associated with systolic blood pressure in the present study. In addition, low serum Cl -concentrations, especially <100 mmol/L, are associated with mortality in subjects with hypertension (10). Furthermore, higher Na + -Cl -is associated with the increased risk of mortality in subjects with hypertension (10) . Taking these findings together, it seems plausible that Na + -Cl -is associated with MetS. The strengths of our study include the relatively large number of subjects both at baseline and at the follow-up. However, there are some limitations associated with the present study. First, we did not measure arterial pH, serum bicarbonate ion, serum albumin or partial pressure of carbon dioxide. Therefore, we are unable to assess fully the acidbase status of the subjects in this study. Second, the lack of waist circumference data make weakens the definition of MetS. However, several studies in Japan have used a BMI ! 25 kg/m 2 as a substitute for central obesity (15, 24) . This value corresponds to a cut-off point for a visceral fat area of 100 cm 2 , regarded to be the gold standard for defining central obesity (25) . Third, serum Na + and Cl -might be variable and thus serum Na + and Cl -should be measured several times. Unfortunately, however, we measured serum Na + and Cl -only once at the baseline examination. Lastly, the study population consisted of Japanese men and women, therefore, it is uncertain whether these findings are generalized in other ethnic groups.
In conclusion, we showed that Na + -Cl -is associated with the increased risk of MetS in this study. This finding suggests the diagnostic utility of Na + -Cl -as a provisional new risk marker for MetS, which can be easily measured in the clinical laboratory and applied in medical practice. Na + -Cl -could be an important marker for the presence or development of MetS, however, interventional methods to decrease Na + -Cl - have not yet been established. Thus, subjects with high Na + -Cl might require aggressive lifestyle modifications and medication to lower blood glucose, triglycerides and blood pressure to prevent the development of MetS.
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